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10.11-METHAN0DIBENZ0SUBERANE DERIVATIVES USED AS CHEHOSENSITIZING AGENTS 

Field of the Invention 

The present invention relates to pharmaceutical ly active agents. 
These agents are useful e.g., for the treatment of cancer, in particular 
for enhancing the efficacy of existing cancer chemotherapeutics and for 
treating multidrug resistance. More specifically, the invention relates to 
a series of 10, ll*methanodibenzosuberane derivatives. The invention is 
also directed to pharmaceutical formulations and chemosensitizing methods, 
e.g., for treating cancer including the reversal of multidrug resistance, 
to uses of the new agents in the preparation of pharmaceutical compositions 
comprising these agents and to methods of their preparation. 

Background Information 

Jtaong the problems faced in cancer chemotherapy is the development of 
resistance to treatment regimens. Tumors that respond well to a particular 
drug or drugs initially, often develop a tolerance to the drug(s) . This 
disease state, called multi-drug resistance, is discussed in greater detail 
in Kuzmich and Tew, "Detoxification Mechanisms and Tumor Cell Resistance to 
Anticancer Drugs," particularly section VII "The Multidrug-Resistant 
Phenotype (MDR) , ■ Medical Research Reviews, Vol. 11, No. 2, 185-217, 
particularly 208-213 (1991) ; and in Georges, Sharom and Ling, "Multidrug 
Resistance and Chemosensitization: Therapeutic Implications for Cancer 
Chemotherapy," Advances in Pharmacology, Vol. 21, 185-220 (1990). 

Certain active agents, called ehemosensitizing agents or potentiating 
agents, have been suggested as resistance modifying agents for treating 
multidrug resistance, but have suffered from various disadvantageous 
properties. These have included, e.g., verapamil (a calcium entry blocker 
that lowers blood pressure and has also been found effective in vitro for 
treating drug -resistant malaria), steroids, trifluoperazine (a CNS agent), 
vindoline, and reserpine (an a- 2 blocker with CNS properties) . Thus, there 
has remained a need for active agents to treat, i.e., reverse, inhibit 
and/or prevent multidrug resistance, preferably with minimal or no adverse 
side effects. 

Chemosensitizing agents interact with P- glycoprotein, a drug efflux 
pump found in cell membranes, particularly those of multidrug resistant 
tumor cells, gastrointestinal tract cells, and the endothelial cells that 
form the blood brain barrier. By blocking this pump, chemosensitizing 
agents inhibit the efflux of cancer chemotherapeutic drugs from tumor 
cells, and can enhance permeation of nutrients or active agents through the 
gastrointestinal tract, and the permeation of active agents through the 
blood brain barrier. 

U.S. Patent No. 5,112,817 to Pukasawa et al. discloses certain 
quinoline derivatives useful as anticancer drug potentiators for the 
treatment of multidrug resistance. One of the initially promising active 
agents there -disclosed is MS- 073 , which has the following structure: 
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MS -073 

While highly active in in vitro testing, MS -073 was, however, found to have 
poor oral bioavailability and to suffer from instability problems in 
solution. Other compounds of the series, such as the biphenylmethyl - 
carbonyl derivative MS-209 , have been found to have better stability and 
oral bioavailability, but, at the cost of having to administer higher 
effective doses. Thus, the problem exists to provide an anticancer drug 
potentiator having the activity of MS -073, together with good oral 
bioavailability and stability. The present invention aims to addressing 
that problem. 

SUMMARY OF THE INVENTION 
One aspect of the present invention concerns 10, 11-methano- 
dibenzosuberane derivatives, i.e., the compounds of Formula I: 



R 1 R 2 




Formula I 
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wherein: 

A is -CHj-CHj-, -CH 3 -CHR a -CH 2 - # or -CHj-CHR'-CHR^-CH,- , where one of R* or 
R* is H, OH, or lower acyloxy , and the other is H; 

R 1 is H, F, CI or Br; 
5 R 3 is H, F, CI or Br; and 

R 3 ie heteroaryl or phenyl optionally substituted with F, CI , Br, CF,, 
CN, NOj or OCHF 3 ; 

and the pharmaceutical ly acceptable salts thereof. 

In a preferred aspect, the invention relates to certain compounds of 

10 Formula I, and in particular to the single isomers thereof, particularly 

including the compound where A is -CHj-CHR'-CTV where R' is OH, R 1 is F, R* 
is F, and R' is quinolyl . Most preferred is the (2R) -anti isomer. 

In another aspect, the invention relates to a pharmaceutical 
composition containing a therapeutically effective amount of a compound of 

15 Formula X or a pharmaceutically acceptable salt thereof. In a preferred 

embodiment, such a pharmaceutical composition will also include a 
pharmaceutically acceptable excipient. 

In still another aspect, the invention relates to a method of 
treatment by administering to a mammal in need of such treatment a compound 

20 of Formula I or a pharmaceutically acceptable salt thereof or the use of a 

compound of Formula I or a pharmaceutically acceptable salt thereof for the 
preparation of a pharmaceutical composition, in an amount therapeutically 
effective to potentiate the efficacy of a co- administered cancer 
chemotherapeutic agent. Examples of such cancer chemotherapeutic agents are 

25 antimetabolites such as 6 - me r cap t ©purine, 5-f luor ©uracil, cytosine 

arabinoside and their metabolites and derivatives of these agents. Other 
cancer chemotherapeutic agents are ant i folates such as methotrexate or 
agents derived from natural products, for example, derived from vinca 
alkaloids such as vinblastine, vincristine and colchicine; adriamycin, 

30 daunorubicin, doxorubicin, teniposide or etoposide. Such cancer 

chemotherapeutic agents also include platinum anticancer drugs, such as 
cisplatin and carboplatin. In addition, the agents of the present invention 
can be administered with cyclophosphamide, busulfone, procarbatine, 
dacarbacine, carmustine, lomustine, me cb lore thiamine, chlorambucil, 

35 hydroxyurea, melphalan, mi tot one, taxol and spirogertnanium. Most commonly 

multidrug resistance is observed with the vinca alkaloids, the 
anthracyclines daunorubicin, doxorubicin and adriamycin; and etoposide and 
teniposide; less frequently with antimetabolites and the other 
chemotherapeutic agents. 

40 In yet another aspect, the invention relates to a method of treating 

drug resistance in a mammal, by administering to a mammal in need thereof a 
therapeutically effective amount of a compound of Formula I or a 
pharmaceutically acceptable salt thereof. One embodiment of this aspect 
entails a .t'Othod of treating drug -resistant malaria. In a preferred 
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exnbodiment , a method of treating multidrug resistant cancer in a mammal 
evidencing clinical resistance to a cancer chemotherapeutic agent, a 
resistance modifying amount of a compound or salt of Formula I is co- 
administered with a therapeutically effective amount of the cancer 
chemotherapeutic agent to which resistance has been evidenced. 

In still another aspect the invention relates to a chemoeensitixing 
method for enhancing bioavailability of a pharmaceutical^ active agent 
comprising administering to a mammal in need thereof an amount of a 
compound or salt of Formula X sufficient to increase permeation of an 
active agent through the blood-brain barrier, or the gastrointestinal tract. 

In still another aspect the invention relates to a process for 
preparing the compounds of Formula I . 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions and General Parameters 

The following definitions are set forth to illustrate and define the 
meaning and scope of the various terms used to describe the invention 
herein . 

The term "alkyl" refers to a fully saturated monovalent radical 
containing only carbon and hydrogen, and which may be a cyclic, branched or 
straight chain radical. This term is further exemplified by radicals such 
as methyl, ethyl, t- butyl, pentyl, neopentyl, heptyl and adamantyl. 

The term "lower alkyl" refers to a cyclic, branched or straight chain 
monovalent alkyl radical of one to six carbon atoms. This term is further 
exemplified by such radicals as methyl, ethyl, n -propyl, is ©propyl, 
n- butyl, t-butyl, i- butyl (or 2-methylpropyl) , cyclopropylmethyl, i-amyl, 
n-amyl, and hexyl . 

The term "alkylene" refers to a fully saturated divalent radical 
containing only carbon and hydrogen, and which may be a branched or 
-straight chain radical. This term is further exemplified by radicals such 
as methylene, ethylene, n- propylene, t-butylene, i- pentyl ene, and 
n-heptylene. 

The term "lower alkylene" refers to a divalent alkyl radical of one 
to six carbon atoms. This term is further exemplified by such radicals as 
methylene, ethylene, n -propylene, i -propylene, n-butylene, t-butylene, 
i-butylene (or 2 -me thy Ip ropy 1 ene) , isoamylene, pentylene, and n- hexyl ene . 

The term "lower acyloxy" refers to the group -0-C(0)-R* where R ' is 
lower alkyl. 

The term "aryl" refers to a monovalent unsaturated aromatic 
carbocyclic radical typically with 6 to 16 carbon atoms having a single 
ring (e.g., phenyl) or two condensed rings (e.g., naphthyl), which can 
optionally be mono-, di- or tri- substituted, independently, with fluoro, 
chloro, bromo, trif luoromethyl, cyano, nitro and/or dif iuoromethoxy . 

The term "heteroaryl" refers to a monovalent unsaturated aromatic . 
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heterocyclic radical typically with 2 to 12 carbon atoms having at leaet 
one hetero atom, typically from 1 to 3 heteroatoms such as N, O or S, 
within the ring. The heteroaryl radical will typically have a single ring, 
such as pyridyl , or two condensed rings , such as quinolyl, ben z of uranyl , 
and benzof urazanyl . 

The term "halo" refers to fluoro, bromo, chloro and iodo. 

"Optional" or "optionally" means that the subsequently described 
event or circumstance may or may not occur, and that the description 
includes instances where said event or circumstance occurs and instances in 
which it does not. 

A "pharmaceutically acceptable salt" may be any salt derived from an 
inorganic or organic acid. T.*e term "pharmaceutically acceptable anion" 
refers to the anion of such acid addition salts. The salt and/or the anion 
are chosen not to be biologically or otherwise undesirable. 

The anions are derived from inorganic acids, such as hydrochloric 
acid, hydrobromic acid, sulfuric acid (giving the sulfate and bi sulfate 
salts) , nitric acid, phosphoric acid and the like, and organic acids such 
as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid, succinic acid, maleic acid, fumaric acid, 
tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, 
methane sulfonic acid, e thane sulf onic acid, salicylic acid, p- toluene- ' 
sulfonic acid, hexanoic acid, heptanoic acid, cyclopentaneprop ionic acid, 
lactic acid, o- (4 -hydroxy-benzoyl) benzoic acid, 1,2-ethanedisulfonic acid, 
2-hydroxyethanesulfonic acid, benzene sulfonic acid, p-chlorobenzene sulf onic 
acid, 2 -naphthalene sulf onic acid, camphorsulfonic acid, 4 -methyl - 
bicyclo(2.2.2.]oct-2-ene-l-carboxylic acid, glucoheptonic acid, 4,4'- 
methylenebis (3 -hydroxy- 2 -naphthoic) acid, 3-phenylpropionic acid, trimethyl - 
acetic acid, t-butylacetic acid, lauryl sulfuric acid, glucuronic acid, 
glutamic acid, 3 -hydroxy -2 -naphthoic acid, stearic acid, mu conic acid and 
the like. 

The term "treatment" or "treating" means any treatment of a disease 
in a mammal, including: 

(i) preventing the disease, that is, causing the clinical symptoms of 
the disease not to develop; 

(ii) inhibiting the disease, that is, arresting the development of 
clinical symptoms ; and/or 

(iii) relieving the disease, that is, causing the regression of 
clinical symptoms. 

The term "effective amount" means a dosage sufficient to provide 
treatment for the disease state being treated. This will vary depending on 
the patient, the disease and the treatment being effected. 

The term "co-administer" means the administration of more than one 
active agent as part of the same treatment regimen, whether they are 
administered simultaneously or at different times. 

"Structure of Formula Z" refers to the generic structure of the 
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compounds of the invention. The chemical bondB indicated as with a wavy 
line, e.g., in Formula II indicate nonspecific stereochemistry, e.g. at 
position 5 of the dibenzoeuberane, i.e., the carbon to which is attached 
the piperazine group . 
5 "Isomerism" refers to compounds having the same atomic mass and 

atomic number but differing in one or more physical or chemical properties. 

■Stereoisomer" refers to one of two chemical compounds having the 
same molecular weight, chemical composition, and constitution as another, 
but with the atoms grouped differently. That is, certain identical 
10 chemical moieties are at different orientations in space and, therefore, 

when pure, have the ability to rotate the plane of polarised light. 
However, some pure stereoisomers may have an optical rotation that is so 
slight that it is undetectable with present instrumentation. 

"Optical isomerism" describes one type of stereoisomerism which 
15 manifests itself by the rotation that the isomer, either pure or in 

solution, imparts to the plane of polarized light. It is caused in many 
instances by the attachment of four different chemical atoms or groups to 
at least one of the carbon atoms in a molecule. These isomers may be 
described as d- , 1*, or a d,l*pair or D-, L- or a D, Impair; or (R) - , (S)-, 
20 or an (R,S)-pair, depending upon the nomenclature system employed. 

The compounds of Formula I exist in two isomeric configurations 
defined by the relationship of the 10, 11-methano and the 5-piperazinyl 
substituents on the dibenzoeuberane (see, for example, the structure 
represented in Formula XI, in the Nomenclature description which follows) . 
25 When the 10, 11-methano and the 5 -piperazinyl substituents are both oriented 

in the same direction vis-a-vis the dibenzoeuberane (e.g., both up or both 
down) the isomeric form is called "syn." When the 10, 11-methano and the 
S-piperazinyl substituents are oriented in opposite directions vis-a-vis 
the dibenzoeuberane (e.g., one up and the other down) the isomeric form is 
30 called "anti." 

Certain compounds of Formula I will have an asymmetric center within 
the group identified as "A" where R 1 or R* is not hydrogen. These compounds 
can exist in two stereochemical forms, called <+) and (-) or called (R) - 
and (S)-, or as mixtures of the two stereoisomers. The (R) - and (S) - 
35 designation will be used in this application. 

While specific stereoisomers are disclosed and named, the present 
invention is to be interpreted to include the individual stereoisomers as 
well as mixtures, racemic and otherwise, thereof. 
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Nomenclature 

The compounds of Formula I are named and numbered as described 
with reference to Formula IX . 



R 1 R 2 




4 



Formula II 

For example, the compound where R ! and R 2 are chloro, R* is hydroxy, 
and the phenyl group (of R* in Formula 1) is substituted at the 3 -position 
with NO, is named (3R,S) -anti,syn-l-{4- t4- (10,11- 

dichloromethanodibenrosuber- 5 -yl ) piperar in- 1 -yl] -3-hydroxybutoxy} -3- 
nitrobensene . 

The compound where R 1 and P? are hydrogen, R* is acetoxy (in the 
isomeric form going down into the page) , the phenyl group (of R J in Formula 
1) is substituted at the 5-position with trif luoromethyl, and the bond 
connecting the 4 -position of the piperarine to the 5-position of the 
benzosuberane is in the isomeric form going up from the page, is named 
(2S) -syn-1- {4- [4- (lO,ll-methanodiben«OBuber-5-yi)piperasin-l-ylJ - 
2-acetoxybutoxy) -5-trif luorotnethylbenzene. 

A preferred compound of the invention, illustrated below as Formula 

III: 
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Formula III 

which is the compound of Formula Z wherein R' and R 3 are F, A is 
(2R) -hydroxypropyl, and R 5 is quinolyl attached at the 5-position to the 
oxygen, is named (2R) -anti-5»{3- [4- (10,11-dif luoromethano-dibenzosuber-5- 
yl)piperatin-l-yl] -2-hydroxypropoxy)quinoline. Alternatively, the Chemical 
Abstracts nomenclature for the compound of Formula III is 1- (4 -anti (1,1- 
difluoro-la # 10b-dihydrodibenxo[a # e) cyclopropa [c) cyclohepten-6-yl)piperarin- 
1-yl) - (2R) -3- (5-quinolyloxy) -2-propanol (the numbering represented in 
Formula ZZZ does not apply for the Chemical Abstracts nomenclature system) . 
While either nomenclature system adequately describes the compounds of the 
present invention, the former system will be employed for purposes of the 
present specification. 

Synthetic Reaction Parameters 

The terms "solvent", "inert organic solvent" or "inert solvent" mean 
a solvent inert under the conditions of the reaction being described in 
conjunction therewith {including, for example, benzene, toluene, 
acetonitrile, tetrahydrofuran ("THF") , dimethylf ormamide ("DMP") , 
chloroform, methylene chloride (or dichloromethane) , diethyl ether, 
methanol, pyridine and the like] . Unless specified to the contrary, the 
solvents used in the reactions of the present invention are inert organic 
solvents . 

The term "q.s." means adding a quantity sufficient to achieve a 
stated function, e.g., to bring a solution to the desired volume (i.e., 
100%) . 

Unless specified to the contrary, the reactions described herein take 
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place at atmospheric pressure within a temperature range from 5°C to 100°C 
(preferably from 10 °C to 50°C; most preferably at "room" or "ambient" 
temperature, e.g., 20°C) . However, there are clearly some reactions where 
the temperature range used in the chemical reaction will be above or below 
5 these temperature ranges. Further, unless otherwise specified, the 

reaction times and conditions are intended to be approximate, e.g., taking 
place at about atmospheric pressure within a temperature range of about 
5°C to about 100°C (preferably from about 10°C to about 50 °C; most 
preferably about 20° C) over a period of about 1 to about 10 hours 

10 (preferably about 5 hours) . Parameters given in the Examples are intended 

to be specific, not approximate. 

Isolation and purification of the compounds and intermediates 
described hereih can be effected, if desired, by any suitable separation or 
purification procedure such as, for example, filtration, extraction, 

15 crystallization, column chromatography, thin- layer chromatography or 

thick- layer chromatography, or a combination of the bo procedures. Specific 
illustrations of suitable separation and isolation procedures can be had by 
reference to the examples hereinbelow. However, other equivalent 
separation or isolation procedures can, of course, also be used. 

20 

Synthesis of the Compounds of Formula I 

The compounds of Formula I can be prepared by following the 
procedures described in U.S. Patent No. 5,112,817, incorporated herein by 
reference, by substituting the dibenzosuberone with an optionally 

25 substituted 10, 11-methanodibenzosuberane, prepared, for example, as 

described in Ciganek, et al., "Imine Analogues of Tricyclic 
Antidepressants," J.Med. Chem. 9 1981, 24, 336*41; or in Coyne and Cusic, 
a Aminoalkyldibenxo[a,e] cyclopropa [c) cycloheptene Derivatives. A Series of 
Potent Antidepressants, • J*. Wed. Chem. , 1974, Vol. 17, No. 1, 72-75, both 

30 incorporated herein by reference. Various syntheses of the compounds of 

Formula Z are described below with refe ence to Reaction Schemes 1, 2 
and 3. 

A key role in the synthesis of the compounds of Formula I plays the 
1- 110, ll-methanodibensosuber-5-yl]piperazine of Formula 4 below which may 

35 be optionally substituted in positions 10 and 11. This key intermediate is 

coupled or condensed with a reagent that comprises the group A-O-R* to 
afford, or to be converted into, the compounds of Formula I; or a reagent 
that comprises in essence the group A-epoxide or a derivative thereof, the 
group A'-O-R' to afford, or to be converted into, the compounds of Formula 

40 Z. Such conversions include, e.g., the acylation of a hydroxy group 

present in group A' to an acyloxy group, or the removal of an acyloxy group 
in group A' or the conversion of the group A-epoxide with R*-OH to a 
compound of Formula Z . Zn that conversion when R'*OH is added to the group 
A-epoxide, the epoxide ring is opened whereby a hydroxy group vicinal to 
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the carbon atom to which -OR 3 is attached is formed. 

Brief Description 0£ Reaction Schema* 

Reaction Scheme 1 illustrates synthesis of the compounds of Formula I 
where R* is H or OH. 

Reaction Scheme 2 illustrates synthesis of the compounds of Formulae 
8 and 9; these are employed as reactants in Step 5 of Reaction Scheme 1 as 
precursors in the synthesis of the compounds of Formula 1. 

Reaction Scheme 3 illustrates synthesis of the compounds of Formula I 
where R* is OH. 

As used in the Reaction Schemes, the substituents A, R 1 , R*# R\ R' and 
R* have the same meaning as described in the Summary of the Invention. The 
substituent "X" indicates a halo group; n is 1 or 2; and m is 1, 2, 3 or 4. 

Starting Materials 

The compound SH-dibenso [a,d] cyclohepten-5-one [also named 
dibenzo[a,d] -5H-cyclohepten-5-one or dibenzosuberenone) is commercially 
available, e.g., f rem Aldrich Chemical Company, Milwaukee, Wl. Other 
reactants, such as epibromohydrin and l-bromo-3 , 4 • epoxybutane , are likewise 
commercially available or may be readily prepared by those skilled in the 
art using commonly employed synthetic methodology. 



REACTION S CHIME 1 




R 1 R 2 



Formula 1 



Formula 1 



St«p 2 




Formula 2 
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Formula 3 i 
Step 4 




o 

Formula 4 



P 1 R* 



Formula 4 

4- 

t>CCH,D n -0-Q 3 
Formula 6 
or 

x-CCHjDnrO-P* 
Formula 9 



Step % 




Formula I 



Preparation of the Compounds of Formula 1 

A solution of an acetate (such as sodium chlorodif luoro- acetate, 
methyl trichloroacetate, ethyl trif luoroacetate; depending upon the desired 
substituents for R 1 and R 5 ) in a solvent (such as diglyme, bensene, or 
petroleum ether) is added over a period of 4 to 8 hours (preferably 6 
hours) to a solution of dibensosuberenone (for example in diglyme) with 
stirring and under nitrogen, maintaining the reaction temperature at 160- 
165*C. (Other reaction temperatures may be employed depending upon the 
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re act an to used, ae described in Ciganek, et al . and in Coyne and Cubic.) 
The reaction mixture is brought to room temperature, then poured into water 
and extracted (e.g., with ether). The desired 10, XI- substituted - 
methanodibenzo- suberone is isolated and purified by conventional means, for 
5 example, the organic (e.g., benzene) phase is washed with water, dried 

(e.g., over Na^SOJ , evaporated, and the residue is recrystallized (e.g., 
from ethanol, and optionally again, e.g, from acetone /hexane) . 

Alternatively, compounds of Formula 2 where R 1 and R 3 are not 
identical, such as K and CI, respectively, can be prepared as described in 
10 J.Med. Chem. , Vol. 17, 72 (1974), incorporated herein by reference. The 

compound of Formula 2 where R 1 and R 3 are both hydrogen can be prepared as 
described in Coyne and Cusic, "AminoalJcyldibenzo [a, e] cyclopropa IcJ cyclo- 
heptene Derivatives. A Series of Potent Antidepressants," J. Med. Cheat. , 
1974, Vol. 17, No. l, 72-75, previously incorporated herein by reference. 

15 

Preparation of the Compounds of Formula 2 

A solution of an 10, 11- (optionally substituted) - 
methanodibenzosuberone in a solvent (e.g., THF/methanol) is cooled (e.g., 
in an ice bath) and a reducing agent (e.g., sodium borohydride) is added in 
20 portions. The reaction mixture is allowed to come to room temperature and 

stirred for 1 to 5 hours (preferably 2 hours), then poured into water. The 
product is isolated (e.g., by filtration) and purified by conventional 
means (e.g., washed with water and dried) to give the corresponding 
10,11- (optionally substituted) -methanodibenzosuberol . 

25 

Preparation of the Compounds of Formula 3 Where R - Formyl 

A solution of an 10, 11- (optionally substituted) -methano- 
dibenzosuberol in a solvent (e.g., dioxane) is cooled (e.g., in an ice 
bath) followed by halogenation (e.g,. by dropwiee addition of thionyl 

30 chloride, maintaining an elevated temperature (40 to 70 °C, preferably 

50°C) for 2 to 5 hours (preferably 4 hours)) . The reaction mixture is 
evaporated to dryness, giving a mixture of syn- and anti- isomers of the 
corresponding 5-halo-10, 11- (optionally substituted) -methanodibenzosuberane . 
This halogenated suberane is, without further purification, dissolved 

35 (e.g., in acetonitrile) and a piperazine is introduced by nucleophilic 

displacement of the halide [e.g., by adding l-piperazinecarboxaldehyde with 
stirring, preferably under dry M s at elevated temperature (e.g., 100°C) for 
10 to 30 hours (preferably 20 hours)]. The reaction mixture is evaporated 
to dryness and the desired 1- (10,11- (optionally substituted) -methano- 

40 dibenzosuber-5-yl) -4-f ormylpiperazine product is isolated and purified by 

conventional means (e.g., the residue is partitioned between aqueous NaHCO, 
and ethyl acetate, the organic phase washed with water, dried (e.g., over 
KfiOy) and evaporated) . The individual syn- and anti* isomers are 
separated, e.g., by flash chromatography of the residue on silica gel 
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(30% acetone /hexane) . 



10 



Preparation of the Compounds of Formula 4 

A solution of a 1- [10 , 11 - (optionally subs ti tut ed) methano- 
dibenzosuber -5 -yl] -4 -formyl -piperazine and potaBsium hydroxide in a solvent 
(e.g., 9:1 ethanol/^O) is re fluxed for 0.5 to 2 hours (preferably 1 hour), 
then cooled. The cooled reaction mixture is concentrated, diluted with 
water, extracted (e.g., with ethyl acetate), dried (e.g., over KjCOj) , and 
the organic phase is evaporated to give the corresponding 1- [10,11- 
(optionally substituted) methanodibenzosuber- 5 -ylj piperazine . 



Preparation of the Compounds of Formula J. 

A solution of a compound of Formula 8 (e.g., a 1- (aryloxy or 
heteroaryloxy) -2, 3 - epoxypropane or a 1- (aryloxy or heteroaryloxy) -3 , 4 - 
15 epoxybutane] or an aryloxy- or heteroaryloxy- alky 1 halide of Formula 9 and 

a 1- [10, 11- (optionally substituted) methanodibenzosuber- 5 -yl] piperazine is 
refluxes in a solvent (e.g., isopropanol) for 10 to 30 hours (preferably 20 
hours). The desired product, a corresponding 10, 11-methanodibenzosuberane 
derivative of Formula Z, is isolated and purified by conventional means 
20 [for example, evaporated to dryness and chromatographed on silica gel 

(e.g., using 70:30:1 ethyl acetate /hexane/triethylamine) 3 . 

RXACTXOH SCBXKS 2 



25 



30 



R 3 -0H + 
Formu I a 5 



l>CCH 2 ;> n -x 

Formula 6 



x -CCH 2 } m -x 
Formu I a 7 



l>CCH 2 ;) n -0-R 3 
Formula 8 

X-CCH 2 ) m -0-R 3 
Formula 9 



Preparation of the Compounds of Formula 8 

35 An aryl- or heteroaryl alcohol (such as benzofurazan-4-ol, quinolin* 

5-ol, or 2-nitrophenol) , dissolved in a solvent (e.g., acetonitrile, THF, 
or dimethyl formamide) is treated with a slight excess of a strong base 
(e.g., sodium hydride or potassium t -but oxide) . The mixture is heated 
(e.g., at 50°C) for 10 minutes to 2 hours (preferably 30 minutes). A 

40 compound of Formula 6 (such as l-chloro-2, 3-expoxybutane, l*bromo-2, ^- 

epoxy-butane , epibromohydrin, epichlorohydrin, or a tosyl or mesyl 
derivative thereof) is added and the mixture is heated (e.g., at 60°C fcr l 
to 5 hours; preferably 2 hours) . The reaction mixture is poured into water 
and extracted (e.g., with ethyl acetate) . The organic phase is washed with 
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water, dried over Na^SO*, and evaporated to give the corresponding l- 
(aryloxy or he tero -aryloxy) -2, 3-epoxypropane or 1- (aryloxy or 
heteroaryloxy) - 3 , 4 - epoxybutane , which ie isolated and purified by 
conventional means {e.g., chromatographed on silica gel (50% ethyl 
acetate/hexane) ] . 



10 



15 



20 



The cocnpounds of Pormula 8, such as 1- (5-quinolyloxy) -2, 3- 
epoxypropane can also be synthesized as described in Drug Design and 
Discovery, Vol. 9, 69 (1992), incorporated herein by reference. 



Preparation of the Compounds of Formula 9 

As illustrated in Reaction Scheme 2, the anion of an aryl- or 
heteroaryl alcohol of Pormula 5 is reacted with a dihaloalkyl compound of 
Pormula 7, such as l-bromo-2-chloroethane, l-bromo-3-chloropropane or 
1 - bromo - 4 - chlorobut ane , in a solvent (such as acetone, THF, or DMF) at a 
temperature ranging from room temperature to the boiling point of the 
solvent employed, to give the corresponding haloalkyloxyaryl (or heteroaryl) 
compound of Pormula 9. This synthesis is described in U.S. Patent Ho. 
5,112,817, previously incorporated herein by reference. 

REACTION Si 



25 



30 



R 1 P 2 



Formula A 
Formula 6 



Step 1 




Formula 10 
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Formuia 10 



R 3 -OH 



Step 2 




Formu I o I 



Preparation of the Compounds of Formula 10 

As illustrated' in Reaction Scheme 3, Step 1, a 1- [10, 11- (optionally 
substituted) -methanodibensosuber-5-yl]piperazine of Formula 4 is reacted 
with a compound of Formula € (e.g., the compound where n is 2 is 
illustrated in Reaction Scheme 3; other compounds of Formula 6 will give 
corresponding products) under the conditions described above in connection 
with the Preparation of Formula 8 (in Reaction Scheme 2), to give a 1- 
(10,11- (optionally substituted) -methanodibenzosuber-5-yl] -4- (3,4- 
epoxybutyDpiperazine compound of Formula 10. 

Preparation of the Compounds of Formula X Where R* is OH 

As illustrated in Reaction Scheme 3, Step 2, a 1- (10, 11- (optionally 
substituted) -methanodibenzosuber-5-yl) -4- (3 , 4 -epoxybutyl) piperazine 
compound of Formula 10 is reacted with an aryl - or heteroaryl alcohol (such 
as benzofurazan-4-ol, quinolin-5-ol, or 2 -nitrophenol) , under the 
conditions described above in connection with the Preparation of Formula Z 
(in Reaction Scheme 1) , to give the corresponding compound of Formula 1 
where R* is OH. 



Preparation of the Compounds of Formula Z Where R* or R* is Lower Acylory 

The compounds of Formula 1 where R* or R* is lower acylpxy are 
prepared as described in U.S. Patent Mo. 5,112,617, previously incorporated 
by reference, starting from the corresponding compound of Formula I where 
R" or R* is OH (prepared as described above) . For example, a compound of 
Formula I where Pf or R* is OH is reacted with an acyl chloride to generate 
the corresponding acyloxy compound. 
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Preparation of the Salts of the Compounds of Formula I 

The compounds of Formula I can be converted to corresponding acid 
addition salts. The conversion is accomplished by treatment with a 
stoichiometric amount of an appropriate acid, such as hydrochloric acid 
5 <e.g., 3 molar equivalents to form the trihydrochloride salt in case the 

compound of Formula X includes three basic nitrogen atoms) . If R 5 is phenyl 
the compound of Formula Z has only two basic nitrogens and will only absorb 
two equivalents of acid to form the acid addition salt. If the substituent 
R 3 includes two basic nitrogen atoms, the base of Formula I will absorb 

10 four equivalents of acid. The preferred acid addition salts of the 

invention will include 2 or 3 equivalents of acid. Most preferred are acid 
addition salts with three equivalents of acid. In the salt -forming step of 
this invention typically, the free base is dissolved in a polar organic 
solvent, such as methanol or ethanol, and the acid is added in water, 

15 methanol or ethanol. The temperature is maintained at 0°C to 50 °C. The 

corresponding salt precipitates spontaneously or can be brought out of 
solution with a less polar solvent, or by evaporation of the solvent or by 
cooling the solution. 

In the step of liberating the free base of Formula I according to the 

20 invention the acid addition salts of the compounds of Formula I can be 

decomposed to the corresponding free bases by treatment with an excess of a 
suitable base, such as ammonia or sodium bicarbonate, typically in the 
presence of an aqueous solvent, and at a temperature between 0°C and 50*C. 
The free base is isolated by conventional means, such as extraction with an 

25 organic solvent. It is self-evident that the stoichiometric excess must 

take into account the number of equivalents of acid bound by the base of 
Formula I. 

The preferred free bases of Formula I include 2 or 3 basic nitrogen 
30 atoms. Bases with 3 basic nitrogen atoms are most preferred. 

Preferred Processes and Last Steps 

A 1- (aryloxy or heteroaryloxy) -2, 3-epoxypropane or a 1- (aryloxy or 

heteroaryloxy) -3,4-epoxybutane, or an aryloxy- or heteroaryloxyalkyl 
35 halide, and a 1- (10, 11- (optionally substituted) methanodibentosuber- 

5-yl]piperasine are combined to give the corresponding 10,11- 

methanodibentosuberane derivative of Formula I . 

A compound of Formula I where R* or R' is OH is reacted with an acyl 

chloride to generate the corresponding acyloxy compound. 
40 A compound of Formula 10 is OH is reacted with the alcohol R'-OH to 

give the corresponding 10, 11-methanodibenEosuberane derivative of Formula 

Z. 

A compound of Formula Z is contacted with a pharmaceutically 
acceptable acid to form the corresponding acid addition salt. 
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A pharmaceutic cally acceptable acid addition salt of Formula X is 
contacted with a base to form the corresponding free base of Formula I. 

Preferred Compounds 

Preferred are the compounds of Formula 1 where R' and R 5 are fluoro. 
Also preferred are those compounds where A is 2-hydroxypropylene . Also 
preferred are those compounds where R J is 5-quinolyl or 4 -benzof urazyl . 
Further preferred are those compounds which combine the above-mentioned 
features. Certain single isomers are also preferred. 

Most preferred is the compound 5- {3 - t4 - (10, 11 -dif luoro- 
me thanodibenzosuber - 5 - yl ) piperaz in - 1 -yl ) - 2 - hydroxypropoxy } - quinol ine ; 
particularly the (2R) -anti isomer thereof. 

Utility, Testing and Administration 

General Utility 

The compounds of the present invention are chemosensitizing or 
potentiating agents, and are also useful as resistance modifying agents. 
They are useful for treating multidrug resistance (i.e., after clinical 
resistance becomes evident) , and can also be administered at the time of 
initial chemotherapy (i.e., before any clinical resistance becomes evident) 
to enhance the activity of anticancer agents when first administered. The 
compounds of the present invention are also useful for the treatment of 
drug-resistant malaria. 

Testing 

In vitro activity for chemosensitizing or potentiating agents, 
particularly for treating multidrug resistance, is determined by an MTT 
Proliferation Assay, for example a modification of the assay described in 
Mo smarm, T. "Rapid Colorimetric Assay For Cellular Growth And Survival: 
Application to proliferation and cytotoxicity assays, " J. Immunol. Meth., 
Vol. €5, 55-63 (1963). Another KIT Proliferation Assay is described in 
Alley, et al . , "Feasibility of Drug Screening with Panels of Human Tumor 
Cell Lines Using a Microculture Tetrasolium Assay,* 1 Cancer Research, Vol. 
48, 569-601 (198B) . 

In vivo activity for chemosensitizing or potentiating agents, 
particularly for treating multidrug resistance, is determined, for example, 
as described in Slate and Michelson, "Drug Resistance Reversal Strategies: 
A Comparison Of Experimental Data With Model Predictions,* 1 jr. Natl. Cancer 
Xsst., Vol. 83, 1574-1580 (1991). Other in vivo testing procedures are 
described .in Sato, et al., "Circumvention of Multidrug Resistance by a 
Newly Synthesized Quinol in© Derivative, MS -073," Cancer Research, Vol. 51, 
2420-2424 (1991); Tsuruo, et al . , "Circumvention of Vincristine and 
Adriamycin Resistance in Vitro and in Vivo by Calcium Influx Blockers," 
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Cancer Research, Vol. 43, 2905-2910 (1983); and Tsuruo, et al . , "Overcoming 
of Vincristine Resistance in P388 Leukemia in Vivo and in Vitro through 
Enhanced Cytotoxicity of Vincristine and Vinblastine by Verapamil, ■ Cancer 
Research, Vol. 41, 1967-1972 (1981). 

Aqueous stability of the compounds is determined by conventional 
procedures, e.g., by measuring the amount of a compound remaining in 
solution at various pH values and temperatures. 



10 The compounds of Formula 1 are administered at a therapeutically 

effective dosage, e.g., a dosage sufficient to provide treatment for the 
disease states previously described, typically by co- administration with a 
second active agent, preferably a cancer chemotherapeutic agent, 
particularly selected from the group of agents listed above, and most 

15 preferably, a cancer chemotherapeutic agent to which clinical resistance 

has become evident in the mammal being treated. Administration of the 
compounds of the invention or the pharmaceutically acceptable salts thereof 
can be via any of the accepted modes of administration for agents that 
serve similar utilities. 

20 While human dosage levels have yet to be optimised for the compounds 

of the invention, generally, a daily dose is from about 0.01 to 4.0 mg/kg 
of body weight, preferably about 0.1 to 2.0 mg/)cg of body weight, and most 
preferably about 0.3 to 1.0 mg/kg of body weight. Thus, for administration 
to a 70 kg person, the dosage range would be about 0.7 to 280 mg per day, 

25 preferably about 7.0 to 140 mg per day, and most preferably about 21 to 70 

mg per day. The amount of active compound administered will, of course, be 
dependent on the subject and disease state being treated, the severity of 
the affliction, the manner and schedule of administration (e.g., oral 
administration one day prior to cancer chemotherapy and intravenous 

30 'administration during cancer chemotherapy) and the judgment of the 

prescribing physician. 

Zn employing the compounds of this invention for treatment of the 
above conditions, any pharmaceutically acceptable mode of administration 
can be used. The compounds of Formula Z can be administered either alone 

35 or in combination with other pharmaceutically acceptable excipients, 

including solid, semi -solid, liquid or aerosol dosage forms, such as, for 
example, tablets, capsules, powders, liquids, suspensions, suppositories, 
aerosols or the like. The compounds of Formula Z can also be administered 
in sustained or controlled release dosage forms, including depot 
, 40 injections, osmotic pumps, pills, transdermal (including electrotransport) 

patches, and the like, for the prolonged administration of the compound at 
a predetermined rate, preferably in unit dosage forms suitable for single 
administration of precise dosages. The compositions will typically include 
a conventional pharmaceutical carrier or excipient and a compound of 

45 Formula Z or a pharmaceutically acceptable salt thereof. Zn addition, 
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these compositions may include other medicinal agents, pharmaceutical 
agents, carriers, adjuvants, etc., such as the cancer chemotherapeutic 
agents listed above. 

Generally, depending on the intended mode of administration, the 
5 pharmaceutically acceptable composition will contain about 0.1% to 90%, 

preferably about 0.5% to 50%, by weight of a compound or salt of Formula I, 
the remainder being suitable pharmaceutical excipients, carriers, etc. 

One preferred manner of administration for the conditions detailed 
above is oral, using a convenient daily dosage regimen which can be 

10 adjusted according to the degree of affliction. Por such oral 

administration, a pharmaceutical ly acceptable, non- toxic composition is 
formed by the incorporation of any of the normally employed excipients, 
such as, for example, mannitol, lactose, starch, magnesium stearate, sodium 
saccharine , talcum, cellulose, sodium crosscarmellose, glucose, gelatin, 

15 sucrose, magnesium carbonate, and the like. Such compositions include 

solutions, suspensions, tablets, dispersible tablets, pills, capsules, 
powders, sustained release formulations and the like. 

Preferably the compositions will take the form of a pill or tablet. 
Thus the composition will contain along with the active ingredient: a 

20 diluent such as lactose, sucrose, di calcium phosphate, or the like; a 

lubricant such as magnesium stearate or the like; and a binder such as 
starch, gum acacia, gelatin, polyvinylpyrrolidone, cellulose and 
derivatives thereof, and the like. 

Liquid pharmaceutically adainistrable compositions can, for example, 

25 be prepared by dissolving, dispersing, etc. an active compound as defined 

above and optional pharmaceutical adjuvants in a carrier, such as, for 
example, water, saline, aqueous dextrose, glycerol, glycol, ethanol, and 
the like, to thereby form a solution or suspension. If desired, the 
pharmaceutical composition to be administered may also contain minor 

30 amounts of nontoxic auxiliary substances such as wetting agents, 

emulsifying agents, or aolubilising agents, pH buffering agents and the 
like, for example, acetate, sodium citrate, cyclodextrine derivatives, 
sorbitan monolaurate, triethanolamine sodium acetate, triethanolamine 
oleate, etc. Actual methods of preparing such dosage forms are known, or 

35 will be apparent, to those skilled in this art; for example, see 

Remington* s Pharmaceutical Sciences, Mack Publishing Company, Baston, 
Pennsylvania, 15th Edition, 1975. The composition or formulation to be 
administered will, in any event, contain a quantity of the active compound 
in an amount sufficient to alleviate the symptoms of the subject being 

40 treated. 

Dosage forms or compositions containing active ingredient in the 
range of 0.005% to 95% with the balance made up from non-toxic carrier may 
be prepared. 

Por oral administration, a pharmaceutically acceptable non-toxic 
45 composition is formed by the incorporation of any of the normally employed 



m 
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excipients, such as, for example pharmaceutical grades of mannitol, 
lactose* starch, magnesium stearate, talcum, cellulose derivatives, sodium 
crosscarmellose, glucose, sucrose, magnesium carbonate, sodium saccharin, 
talcum and the like. Such compositions take the form of solutions, 
suspensions, tablets, capsules, powders, sustained release formulations and 
the like. Such compositions may contain 0.01%-95% active ingredient, 
preferably 0.1-50%. 

For a solid dosage form, the solution or suspension, in for example 
propylene or ethylene carbonate or mixtures thereof, vegetable oils or 
triglycerides, is preferably encapsulated in a gelatin capsule. Such 
solutions, and the preparation and encapsulation thereof, are disclosed in 
U.S. Patents Nob. 4,328,245; 4,409,239; and 4,410,545. For a liquid dosage 
* form, the solution, e.g. in a polyethylene glycol, may be diluted with a 
sufficient quantity of a pharmaceutical^ acceptable liquid carrier, e.g. 
water, to be easily measured for administration. 

Alternatively, liquid or semi -solid oral formulations may be. prepared 
by dissolving or dispersing the active compound or salt in vegetable oils, 
glycol, triglycerides, propylene glycol esters (e.g. propylene carbonate), 
ethylene carbonate and mixtures thereof and the like, and encapsulating 
these solutions or suspensions in hard or soft gelatin capsule shells. 

Other useful formulations include those set forth in U.S. Patents 
Nos. Re. 28,819 and 4,358,603. 

Suitability for oral and parenteral administration is another 
advantage of the present invention, due to the superior stability 
characteristics that have been found for compounds of Formula X, a problem 
identified with MS -073. 

Parenteral administration is generally characterized by injection, 
either subcutaneously, intramuscularly or intravenously. Injectable s can 
be prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution or suspension in liquid 
prior to injection, or as emulsions. Suitable excipients are, for example, 
water, saline, dextrose, glycerol, ethanol or the like. In addition, if 
desired, the pharmaceutical compositions to be administered may also 
contain minor amounts of non-toxic auxiliary substances such as wetting or 
emulsifying agents, pH buffering agents, solubility enhancero, and the 
like, such as for example, sodium acetate, sorbitan monolaurate, 
triethanolamine oleate, cyclodextrins , etc. 

A more recently devised approach for parenteral administration 
employs the implantation of a slow-release or sustained-release system, 
such that a constant level of dosage is maintained. See, e.g., U.S. Patent 
No. 3,710,795. 

The percentage of active compound contained in such parenteral 
compositions is highly dependent on the specific nature thereof, as well as 
the activity of the compound and the needs of the subject. However, 
percentages of active ingredient of 0.01% to 10% in solution are 
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employable , and will be higher if the composition is a solid which will be 
subsequently diluted to the above percentages. Preferably the composition 
will comprise 0.2-2% of the active agent in solution. 

Nasal solutions of the active compound alone or in combination with 
other pharmaceutically acceptable excipients can also be administered. 

Formulations of the active compound or a salt may also be 
administered to the respiratory tract as an aerosol or solution from a 
nebulizer, or as a microfine powder for insufflation , alone or in 
combination with an inert carrier such as lactose. In such a case, the 
particles of the formulation have diameters of less than 50 microns, 
preferably less than 10 microns. 
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SXAKPLSS 

The following preparations and examples are given to enable those 
skilled in the art to more clearly understand 
and to practice the present invention. They should not be 
considered as limiting the scope of the invention, but merely as being 
illustrative and representative thereof. 

STOOLS 1 

10,11 -Dif luoromethanodibenxoBuberone 



1A. Formula 1 where ft 1 and ft' are F 

25 A solution of sodium chlorodif luoroacetate (350 g) in diglyme (1400 

ml) was added dropwise during 6 hours to a solution of dibenzosuberenone 
(25 g) in diglyme (500 ml) , with overhead stirring and under nitrogen, 
maintaining the reaction temperature at 160-165°C. The cooled reaction 
mixture was poured into water (1.8 1) and extracted with ether (1.8 1). 

30 The organic phase was washed with water, dried over Na^SO*, and evaporated. 

The residue was recrystallized from ethanol, then from acetone /hexane to 
give 14 g of 10, 11-dif luoromethanodibenzosuberone, mp 149. 6°C. Flash 
chromatography of the combined mother liquors on silica gel, eluting with 
20% acetone /hexane , gave an additional 6.5 g of the desired material. 

35 

IB* Formula 1 varying ft 1 and ft 1 

By following the procedure of part A, and substituting sodium 
chlorodif luoroacetate with the following: 
a. methyl trichloroacetate, 
• 40 b. methyl tribromoace tate , and 

c. sodium di ch lor of luoroacetate ; 

there are obtained the following respective compounds : 

a . 1 0 , 1 1 • di chlorome thanodibenzosuberone , 

b. 10, 11 -dibromome thanodibenzosuberone, and 
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c. 



10,11- chlorof luoromethanodibenzosube rone ; 



SZAMPLX 2 

10, 11 -Dif luromethanodibenzosuberol 



10 



2A. 



Poisula 3 where R 1 and R* art P 



A solution of 10, 11-dif luoromethanodibenzosube rone (20.4 g) in 
THF/MeOH (1:2, 900 ml) was cooled in an ice bath. Sodium borohydride (12 
g) waa added in portions. The cooling bath was removed, the reaction 
mixture was stirred at ambient temperature for 2 hours, and poured into 
water. The product was filtered off, washed with water, and dried to give 
20 g of 10 , 11-dif luromethanodibenzosuberol, mp 230 . 1 -230 . 6°C . 



2B. Formula 2 varying R 1 and R* 

15 By following the procedure of part A, and substituting 

10, 11-dif luromethanodibenxosuberone with the following: 

a. 10, ll-dichloromethanodibenzosuberone, 

b . 10 , 11 -dibromomethanodibenzosuberone, 

c. 10, 11-methanodibenzosuberone, and 

20 d. 10, 11 -chlorof luoretnethanodibenzosuberone; 

there are obtained the following respective compounds: 

a . 10 , 11 -dichlorcotethanodibenzosuberol , 

b. 10, 11-dibromomethanodibenzoBuberol, 
c 10 , 11 -methanodibenzosuberol , and 

25 d. 10, 11 -chlorof luoromethanodibenzosuberol . 
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KXAKFLS 3 

8yn- and Anti- 

1- (10, 11 -Dif luoromethanodibenzosuber-5-yl) -4 -f ormylpiperazine 

3A. Formula 3 where R 1 and R* are F, and R is Foray 1 

To a solution of 10, 11-dif luromethanodibenzosuberol (5.2 g) in 
dioxane (70 ml), cooled in an ice bath, was added thionyl chloride (4.5 ml) 
dropwiee. The temperature was raised to 50°C and maintained for four 
hours. The reaction mixture was evaporated to dryness, giving a mixture of 
syn- and anti-5 -chloro -10, 11-dif luoromethanodibensosuberane (5.7 g) , which 
was dissolved in acetonitrile (200 ml) and 1-piperazinecarboxaldehyde (10 
ml) was added. The mixture was stirred under dry N 3 at 100°C (bath 
temperature) for 20 hours and then evaporated to dryness. The residue was 
partitioned between aqueous NaHCO, and ethyl acetate. The organic phase 
was washed with water, dried over KjCOj, and evaporated. Flash 
chromatography of the residue on silica gel (30% acetone /hexane) gave syn- 
1- (10, 11-dif luoromethanodibenzosuber-5-yl) -4-f ormyl-piperazine (2.4 g) , mp 
213*C, and anti-1- (10, 11-dif luoro-methanodibenzosuber-5*yl) -4- 
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f ormylpiperazine (2.6 g) , mp 238°C. 
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3B. ron&ula 3 varying R 1 and R a 

By following the procedure of part A, and substituting 
10 # 11-dif luromethanodibenzosuberol with the following: 

a. 10, ll-dichlorcoiethanodibenzosuberol, 

b. 10,11-dibrcmomethanodibensosuberol, 

c. 10,11 -me thanodibenzosuberol, and 

d. 10, 11-chlorof luorcmethanodibenzosuberol ; 

there are obtained the following respective compounds: 

al. anti-1- (10,11- dichloromethanodibenzosuber - 5 -yl ) -4-f ormylpiperazine, 
mp 205°C, 

a2. syn-l- (10, 11 -dichloromethanodibenxosuber- 5 -yl) -4-f ormylpiperazine, 
bl. anti-1- (10, ll-dibromcmethanodibenzosuber-5-yl) -4-f ormylpiperazine, 
b2. syn-l- (10, ll-dibromomethanodibenzosuber-5-yl) -4 -f ormylpiperazine, 
cl. anti-1- (10, ll-methanodibenzosuber-5-yl) -4-f ormylpiperazine, mp 195°C, 
c2. syn-l- (10,ll*methanodibenzosuber-5-yl) -4-f ormylpiperazine, 
dl. anti-1- (10, ll-chlorof luoromethanodibenzosuber-5-yl) - 

4 - f ortny Ipiperaz ine , and 
d2. syn-l- (10, 11-chlorof luoromethanodibenzosuber -5 -yl) - 

4 - f ormylpiperazine . 



25 



30 



EXAMPLE 4 

Anti - 1 - (10 , 11 -dif luoromethanodibenzosuber - 5 -yl ) piperazine 

4A. Formula 4 where R 1 and R 1 are F 

A solution of anti-1- (10, 11-dif luoromethanodibenzosuber-5-yl) -4- 
f ormylpiperazine (2.55 g) and potassium hydroxide (3.0 g) .n ethanol/H^O 
(9:1, 100 ml) was re fluxed for 1 hour, then cooled. The cooled reaction 
-mixture was concentrated, diluted with water, extracted with ethyl acetate 
and dried over KjCO,. The dried organic phase was evaporated to give anti- 
1- (10, 11-dif luoromethanodibenzosuber- 5 -yl) piperazine (2.35 g) , mp 131°C. 



4B. Formula 4 varying R 1 and R* 

35 By following the procedure of part A, and substituting anti-1- (10, 11- 

dif luoromethanodibenzosuber -5 -yl) -4-f ormylpiperazine with the following: 

b. 
c. 

* 40 d. 

e. 

f . 

g. 

h. 



syn-l- (10,ll*difluoromethanodibenzosuber-5-yl) -4-f ormylpiperazine, 
anti-1- (10,ll-dichloromethanodibenzosuber-5-yl) -4-f ormylpiperazine, 
syn-l- (10, ll-dichloromethanodibenzosuber-5-yl) -4-f ormylpiperazine, 
anti-1* (10, ll-dibromomethanodibenzosuber-5-yl) -4-f ormylpiperazine, 
syn-l- (10,11- d^bromomethanodibenzosuber- 5 -yl ) -4-f ormylpiperazine, 
anti-1- (10, ll-methanodibenzosuber-5-yl) -4-f ormylpiperazine, 
syn-l- (10, ll-methanodibenzosuber-5-yl) -4-f ormylpiperazine, 
anti-1- (10, 11-chlorof luoromethanodibenzosuber- 5 -yl) - 



$T " ~ — "" " : ~ — " ' ' "' " " " " " " iv " 



WO 94/24107 



PCT/US94/04215 



10 



•24- 



4 - f ormylpiperazine , and 
i . eyn-l- (10, ll-chlorof luoromethanodibenzosuber-5-yl) - 

4 - f ormylpiperazine ; 
there are obtained the following respective compounds: 
a. 
b. 
c. 
d. 
e . 
£. 

g- 

h. 

i. 



15 



syn-1- (10, 11-dif luoromethanodibenzosuber- 5-yl) piperazine, mp 225. 5°C, 
anti-1- (10, ll-dichloromethanodibenzosuber-5-yl)piperazine, mp 199°C, 
syn-1- (10, 11 -dichloromethanodibenzosuber- 5-yl) piperazine, 
anti - 1 - ( 10 , 11 -dibromamethanodibenzosuber- 5 -yl ) piperazine , 
eyn-l - (10 , 11 -dibromomethanodibenzosuber- 5 - yl ) piperazine , 
anti-l- (10, ll-methanodibenzosuber -5-yl) piperazine, mp 103*C, 
syn-1- (10, 11 -methanodibenzosuber- 5-yl) piperazine, 

anti-1- (10, 11- chlorof luoromethanodibenzosuber- 5-yl) piperazine, and 
syn-1- (10, 11 -chlorof luoromethanodibenzosuber -5-yl) piperazine. 

KXAKFLB 5 

1- (4-Benzofurazanyloxy) -2, 3-epoxypropane 



5A. 



20 



25 



30 



35 



Formula 8 where V? is Benzofurazanyl and n is 1 

Sodium hydride (620 mg; 60% oil dispersion) was added in portions to 
benzofurazan-4-ol (1.74g) in dimethyl formamide 

(30 ml). The mixture was heated at 50°C for 30 min. Bpibromohydrin (1.6 
ml) was added and the mixture was heated at 60°C for 2 hours. The reaction 
mixture was poured into water and extracted with ethyl acetate. The 
organic phase was washed with water* dried over Na^S0 4 , and evaporated. The 
residue was chroma tographed on silica gel (50% ethyl acetate /hexane) to 
give 1- (4 -benzofurazanyl oxy) -2, 3-epoxypropane (1.6 g) # mp 75°C. 

SB. Formula 6 varying ft' and n 

By following the procedure of part A, and substituting benzofurazan- 
'4-ol and epibromohydrin with the following: 
a. 

b. 
c. 
d. 
e . 
f . 



quinolin-5-ol and 1 - chl oro -3,4- epoxybut ane , 
2 -ni trophenol and epibromohydrin, 
2 - chlorophenol and epibromohydrin, 
2-dif luoromethoxyphenol and epibromohydrin, 
pyridin-3-ol and epibromohydrin, and 
quinolin-5-ol and epibromohydrin; 



• 40 



there are obtained the following respective compounds: 

a. 1* (5-quinolyloxy) -3,4 -epoxybut ane, 

b. 1- (2 -nitrophenoxy) -2,3- epoxypropane , 

c . l - (2 - chlorophenoxy) -2,3 •epoxypropane , 

d. 1- (2-dif luoromethoxyphenoxy) -2, 3-epoxypropane, 

e . 1 - ( 3 -pyr idyl oxy) -2,3- epoxypropane , and 

f . 1 - ( 5 - quinolyloxy ) -2,3- epoxypropane . 



WO 94/24107 



PCT/US94/04215 



-25- 

5C. Formula 9 varying R* and n 

By following the procedure of part A and substituting benzof urazan-4 - 
ol and epibromohydrin with the following: 

a. quinolin-5-ol and l-bromo-3 -chloropropane, 

b. quinolin-5-ol and l-bromo-4 -chlorobutane, 

c. 2 -nitrophenol and l-bromo-3 -chloropropane; 
there are obtained the following respective compounds: 

a . l - ( 5 - quinolyloxy ) - 3 - chloropropane , 

b. 1- (5-quinolyloxy) -4 -chlorobutane, and 

c. 1- (2-nitrophenoxy) -3 -chloropropane. 

EXAMPLE 6 

(2R,S) -Anti-5-{3- [4- (10, 11-dif luoromethanodibenzo- 
suber-5 -yl ) piperaz in- 1 -yl] - 2 -hydroxypropoxy} quinoline 

ex. Formula I whare R' and R* are F, A is (2R, S) -Hydroxypropyl, and R> is 
5-Quinolyl 

A solution of 1- (5-quinolyloxy) -2,3 -epoxypropane (586 mg) and anti-1- 
(10 # ll-c^fluoromethanodiben£osuber-5-yl)piperazine (950 mg) in isopropanol 
(20 ml) was refluxed for 20 hours. The reaction mixture was evaporated to 
dryness and the residue was chromatographed on silica gel (70:30:1 ethyl 
acetate/hexane/ triethylamine) to give (2R, S) -anti-5- {3- [4- (10, 11-dif luoro- 
methanodibenzosuber- 5 -yl) piperazine -1-yl] -2 -hydroxypropoxy} -quinoline (1.33 
g), which was converted to the trihydrochloride salt, mp 193. 5°C, by 
reaction with 3 molar equivalents of HC1. 

6B. Formula X Zsoaers varying R 1 , R 1 , R 5 and A 

By following the procedure of part A, and substituting anti-l- (10, 11- 
dif luoromethanodibenzosuber- 5 -yl) piperazine and 1- (5-quinolyloxy) -2,3- 
epoxypropane with the following: 

a. syn-l- (10, 11-dif luoromethanodibenBosuber-5-yl)piperazine and 

1- (5-quinolyloxy) -2, 3 -epoxypropane, 

b. anti-l- (10, 11-dif luoromethanodibenzosuber-5-yl)piperazine and (2R) - 

1- (5-quinolyloxy) - 2 , 3 • epoxypropane , 

c. anti-l- (10, 11-dif luoromethanodibenzosuber - 5 -yl) piperazine and (2S) - 

1- (5-quinolyloxy) - 2, 3 -epoxypropane, 

d. syn-l- (10, 11-dif luoromethanodibenzosuber -5 -yl) piperazine and (2R) - 

1 - ( 5 - quinolyloxy) -2,3- epoxypropane , 

e. syn-l- (10, 11-dif luoromethanodibenzosuber- 5 -yl) piperazine and <2S) • 

1- (5-quinolyloxy) -2, 3 -epoxypropane, 

f . anti-l- (10, 11 -dichloromethanodibensosuber-5-yl) piperazine and 

1 - ( 5 quinolyloxy) -2,3- epoxypropane , 

g. anti-l- (10, 11 -dichloromethanodibenzosuber- 5 -yl) piperazine and (2R) - 

1- (5-quinolyloxy) -2, 3 -epoxypropane, 
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h. anti-1- (10, 11 - dichlorome thanodibenzosuber- 5 -yl) piperazine and <2S) - 

1- (5-quinolyloxy) -2, 3 -epoxypropane, 

i. anti-1- (10, 1 l-methanodibenzosuber- 5 -yl) piperazine and 

1- (5-quinolyloxy) -2,3- epoxypropane , 
5 j. anti-1- (10, ll-dif luoromethanodibenzosuber-5-yDpiperazine and 

1- (4 -benzof urazanyloxy) -2, 3 -epoxypropane, 
k. syn-1- (10,11-dif luoromethanodibenzosuber- 5 -yl) piperazine and 

1* (4 -benzof urazanyloxy) -2, 3 -epoxypropane, 
1. anti-l- (10, ll-dichloromethanodibenzosuber-5-vl) piperazine and 
10 1- (4 -ben zofura zany loxy) -2, 3 -epoxypropane, 

tn. anti-1- (10, 11- difluor one thanodibenzosuber-5-yl) piperazine and l-(2- 

nitrophenoxy) - 2 , 3 - epoxypropane , 
n. anti-1- (10, 11 -difluoromethanodibenzosuber- 5 -yl) piperazine and 1- (2- 
chlorophenoxy) -2,3- epoxypropane , 
15 o. anti-l- (10, 11 -difluoromethanodibenzosuber- 5 -yl) piperazine and 1- (2 - 

dif luoromethoxyphenoxy) -2, 3 -epoxypropane, 
p. anti-1- (10, 11 -difluoromethanodibenzosuber- 5 -yl) piperazine and l-(3- 

pyridyloxy) -2 , 3 -epoxypropane, 
q. anti-1- (10, 11- dif luoromethanodibenzosuber -5- yl) piperazine and 
20 1 - ( 5 - quinolyloxy ) - 3 - chloropropane , 

r. anti-1- (10, 11 -dif luoromethanodibenzosuber -5 -yl) piperazine and 

1- (5-quinolyloxy) - 4 - chlorobutane , 
s. anti-1- (10, 11-dif luoromethanodibenzoBuber-5-yl)piperazine and l-(2- 
nitrophenoxy) - 3 - chloropropane , and 
25 t. anti-1- (10, ll-dif luoromethanodibenzosuber- 5 -yl) piperazine and 

1- (5-quinolyloxy) -3,4- epoxybu tane , 
there are obtained the following respective compounds: 

a. (2R,S) -eyn-5-{3- (4- (10,11-dif luorome thanodibenzosuber -5 -yDpiperazin 
1-yl] -2-hydroxypropoxy}quinoline, mp 208°C (trihydrochloride) , 
30 b. (2R) -anti-5-{3- (4- (10, 11-dif luorome thanodibenzosuber- 5 -yl) pipe razin- 

1-yl) -2-hydroxypropoxy}quinoline, mp 190°C (trihydrochloride), 

c. (2S) -anti-5- {3- [4- (10, ll-dif luorome thanodibenzosuber -5 -yDpiperazin • 

1-yl] -2-hydroxypropoxy}quinoline, mp 195°C (trihydrochloride), 

d. (2R) -syn-5-{3- [4- (10,ll-difluorometh Anodibenzosuber-5-yl)piperazin-l 
35 yl] -2-hydroxypropoxy}quinoline, mp 193°C (trihydrochloride), 

e. (2S) -syn-5-{3- [4- (10, 11-dif luoromethanodibenzosuber -5 -yDpiperazin -1 

yl] -2-hydroxypropoxy}quinoline, mp 188. 5°C (trihydrochloride), 

f . (2R,S) -anti-5- (3- [4- (10, 11-dichloromethanodibenzosuber- 

5 -yDpiperazin- 1-yl] -2 -hydroxypropoxyjquinoline, mp 195°C 
40 (trihydrochloride) , 

g. (2R) -anti-5- {3- [4- (10, 11- dichlorome thanodibenzosuber -5 -yDpiperazin - 

1-ylJ -2 -hydroxypropoxyjquinoline, mp 21B°C (trihydrochloride), 

h. (2S) -anti-5- {3- [4- (10,ll-dichloromethanodibensosuber-5-yl)piperazin- 

1-yl] -2 -hydroxypropoxyjquinoline, mp 215°C (trihydrochloride), 
45 i. (2R,S) -anti-5- {3- [4* (10, 11 -me thanodibenzosuber- 5 -yDpiperazin- 1 -yl] • 
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2 - hydroxypropoxy } quinol ine , melting range 87.4 - 99.3°C; MS: 
molecular ion » 491, 
j . (2R,S) -anti -4 -{3- 14- (10, 11-dif luoromethanodibenzosuber- 

5-yl)piperazin-l-yl] -2 -hydroxypropoxy) benzofurazan, mp 186°C 
(dihydrochloride) , 

k. (2R,S) -syn-4-{3- [4- (10, 11-dif luorcmethanodibenzosuber- 5 -yl) piperazin - 

1- yl] -2 -hydroxypropoxy} benzofurazan, mp 188°C 
(dihydrochloride) , 

1. (2R,S) -anti -4 -{3- [4- (10, 11-dichloromethanodibenzosuber- 

5 -yl) piperazin- l-yl] -2 -hydroxypropoxy) benzofurazan, 
m. (2R,S) -anti-l-{3- [4- (10, 11-dif luoromethanodi benzosuber- 

5 -yl) piperazin- 1 -yl] -2 -hydroxypropoxy } -2 -nitrobenzene , 
n. (2R,S) -anti -1- {3- (4- (10, 11-dif luorome thanodibenzo suber- 

5 - yl ) pipe rax in -l-yl] -2- hydroxypropoxy} - 2 - chlorobenzene , 
o. (2R,S) -anti-l-(3- (4- (10, 11-dif luorome thanodi ben zosube r- 

5-yl)piperazin-l-yl] -2 -hydroxypropoxy} - 

2 - dif luorome thoxybenzene , 

p. (2R,S) -anti-3-{3- (4- (10, 11-dif luorome thanodibenzosuber- 

5 - yl) piperazin - 1 - yl] - 2 - hydroxypropoxy } pyridine , 
q. (2R,S) -anti-5-{3- (4- (10, 11-dif luorome thanodibenzoouber - 

5 -yl) piperazin- l-yl] -propoxy} quinol ine, 
r. (2R,S) -anti-5-{4- [4* (10, lj.-dif luorome thanodibenzosuber- 

5 - y 1 ) p ipe raz in - 1 - y 1 ] - bu t oxy } quinol ine , 
s. (2R,S) -anti -5 -{3- [4- (10, 11 -dif luorome thanodi ben zoeuber- 

5 -yl) piperazin -l-yl] -propoxy) -2 -nitrobenzene, and 
t. (2R,S) -anti -5 -{3- [4- (10, 11-dif luorome thanodibenzoouber - 

5 -yl ) piperazin- l -yl] -3 -hydroxybutoxy } quinol ine . 



EXAMPLE 7 



This example illustrates the preparation of a representative 
pharmaceutical formulation for oral administration containing an active 
compound of Formula I, e.g., (2R) -anti-5- {3- (4 - (10 # 11- 
dif luorome thanodibenzosuber - 5 -yl ) piperazin- 1 -yl ] • 2 -hydroxy- 
propoxy) quinol ine . 

Quantity per 

Ingredients tflfrlQt, fflgg , 

Active compound 200 
lactose, spray- dried 14 8 

magnesium stearate 2 

The above ingredients are mixed and introduced into a hard-shell 
gelatin capsule. If the trihydrochloride salt is used 243 mgs. of salt are 
being employed. 

Other compounds of Formula I, such as those prepared in accordance 
with the procedures described Example a 1-6, can be used as the active 
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compound in the preparation of the orally administrable formulations of 
this example. 

ixaxpl* e 

This example illustrates the preparation of another representative 
pharmaceutical formulation for oral administration, containing an active 
compound of Formula I , e.g., <2R) -anti-5- {3- (4- (10, 11-dif luoromethano- 
dibenzosuber-5-yl) -piperazin-l-yl] -2-hydroxypropoxy}quinoline . 



Inqregjentg 

Active compound 

cornstarch 

lactose 

magnesium stearate 



Quantity per 

400 
50 
145 

5 



The above ingredients are mixed intimately and pressed into single 
scored tablets. If the trihydrochloride salt is used 
486 sags, of salt are being employed. 

Other compounds of Formula I, such as those prepared in accordance 
with the procedures described in Examples 1-6, can be used as the active 
compound in the preparation of the orally adminietrable formulations of 
this example. 

XXMXPLM 9 



This example illustrates the preparation of a representative 
pharmaceutical formulation containing an active compound of Formula I, 
30 e.g. , (2R) -anti-5- {3- (4- (10, 11-dif lttoromethanodibentosuber-5-yl)piperasin- 

—1-yl) -2-hydroxypropoxy)quinoline. 

A suspension for oral administration is prepared having the following 
composition: 



35 



40 



45 



Xnqrflditn&i 


Amount 


Active compound 


1.0 g 


fumaric acid 


0.5 g 


sodium chloride 


2.0 g 


methyl paraben 


0.1 g 


granulated sugar 


25.5 g 


sorbitol (70% solution) 


12.85 g 


Veegum K * (Vanderbilt Co.) 


1.0 g 


flavoring 


0.035 i 


colorings 


0.5 mg 


distilled water 


q.s. to 
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If the trihydrochloride io used to obtain a suspension, 1.215 g of 
salt are being employed. Other compounds of Formula I , such as those 
prepared in accordance with Examples 1-6, can be used as the active 
compound in the preparation of the orally administrable formulations of 
this example. 

EXAMPLE 10 

This example illustrates the preparation of a representative 
pharmaceutical formulation containing an active compound of Formula I, 
e.g. , (2R) -anti-5- {3- [4- (10, ll-dif luoromethanodibenzosuber-5-yl)piperazin- 
1 -yl J - 2 -hydroxypropoxy } quinoline . 

An injectable preparation buffered to a pH of 4 is prepared having the 
following composition: 

Active compound 

Sodium Acetate Buffer. Solution (0.4 M) 
KC1 (IN) 

water (distilled, sterile) 



Amount 
0.2 g 
2.0 ml 
to pH 4 
.8. to 20 ml 



If the trihydrochloride salt is used to prepare the injectable 
preparation, .243 g of salt is being employed. Other compounds of 
Formula I, such as those prepared in accordance with Examples 1-6, can be 
used as the active compound in the preparation of the injectable 
formulations of this example. 

EXAMPLE 11 

This example illustrates the preparation of a representative 
pharmaceutical formulation containing an active compound of Pormula I, 
e.g. , (2R) -anti-5-{3- [4- (10, ll-dif luoromethanodibenxosuber-5 -yDpiperasin- 
l-yl] -2 -hydroxypropoxy) quinoline . 

A suppository totalling 2.5 grams is prepared having the following 
composition: 

Active compound 500 mg 
witspiol H-15* balance 
(♦triglycerides of saturated vegetable fatty acid; a product of 
Riches -Nelson, Inc., New York, N.Y.). 

If the trihydrochloride salt is used, 607 mgs. are being 
employed. Other compounds of Formula I, such as those prepared in 
accordance with Examples 1-6, can be used as the active compound in the 
preparation of the suppository formulations of this example. 
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SXAKPLB 12 

Determination of Stability at Acid pH 

Test compounds (15 pg) were dissolved in 3 ml of 0.01 N Kcl (pK 2) and 
5 incubated at 37°C. At various times, 10 jil aliquots were withdrawn and 

injected into a 3 Pecosphere C-18 cartridge column (3.3 x 0.46 cm) for 
HPLC analysis (mobile phase: 35% acetonitrile/18% tetrahydrofuran/47% 
potassium phosphate monobasic, containing 4 mM N- dime thy loctyl amine ; flow 
rate 1.0 ml/min) . The test compounds and their degradation products were 
10 monitored by UV absorption at 240 nm. Disappearance of the parent compound 

was expressed as a percent peak height relative to time zero, from which 
t l/2 values were determined graphically, as follows. 
MS-073 (US 5,112,817) , t l/2 - 15 minutes, 

(2R,S) -anti-5-{3- [4- (10,ll-methanodibenzosuber-5-yl)piperazine-l-yl] - 
15 2 - hydroxypropoxy} quinoline , t )ri ■ 2.5 hours, 

(2R,S) -5-{3- [4- (10, ll-difluorcmethanodibenzosuber-5-yl)piperazine-l- 

yl] -2 -hydroxypropoxy) quinoline, t in - >72 hours, and 
(2R,S) -anti -5 -{3- [4- (10, ll-chloromethanodibenzoeuber-5-yl)piperazine- 
1-yl] -2 -hydroxypropoxy} quinoline, t in - >72 hours. 
20 The compounds of the present invention exhibit significant stability 

at acid pH, improved over MS-073 , when tested by this method. 

EXAMPLE 13 

Determination of Activity in Vitro 
25 Utilizing the MTT Assay 

This is a modification of the assay described by Mosmann, T. in "Rapid 
Colorimetric Assay For Cellular Growth And Survival: Application to 
proliferation and cytotoxicity assays," J. Immunol. Math., Vol. €5, 55-63 
30 -11983) . 

Cell stock (0.3 ml) containing multidrug resistant CH*C5 Chinese 
hamster cells (about 2 x 10* cells/ml) is combined with medium (2.7 ml) 
containing the compound to be tested or a vehicle control, in the presence 
or absence of adriamycin (1 pg/ml) to form a suspension. Aliquots (0.1 ml) 

35 of the cell suspension are then plated into eight wells in each of three 

96-well microtiter plates. After incubation in a tissue, culture incubator 
at 37°C, one plate is removed at each of the following time points: 
24 hours, 48 hours and 72 hours. Upon removal from the incubator, 3*14,5- 
dimethylthiazol-2-yll -2, 5-diphenyl tetrazolium bromide, MTT (10 mL tram a 

40 stock solution of 5 mg/ml in phosphate buffered saline) is added to each 

well of the plate, which is then returned to the incubator for three hours. 

The fonnazan crystals generated by the activity of mitochondrial 
enzymes in living cells are solubilised by aspirating off the medium and 
adding DMSO (150 pl/well) with mixing performed on an orbital shaker. A570 
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(reference wavelength 650 nm) is read on a Molecular Devices mi cr opiate 
reader, and results are expressed as a percentage of vehicle control or 
adriamycin control each day or as a graph of AS 70 over time. 

The compounds of the present invention show activity when tested by 
this method. Specifically, the compound (2R) -anti-5- {3- [4- (10,11- 
dif luoromethanodibenEosuber- 5 -yl) piperarin- l -yl] -2 -hydroxypropoxy) * 
quinoline is more than 3 times more active than MS -73; the corresponding 
(2S) -anti isomer is about 1.7 times more active than MS -73 and the (2R,S) 
anti mixture is about 1.6 times more active than MS -73. 

EXAMPLE 14 

Determination of Activity in Vivo 
Utilising the MDR Assay 



15 This is a modification of the assay described by Slate and Mich© Is on, 

in "Drug Resistance Reversal Strategies: A Comparison Of Experimental Data 
With Model Predictions, ■ J. Natl. Cancer Inst., Vol. 83, 1574-1580 (1991). 

Mice (B6D2F1, female, 7-8 weeks, approx. 20 gtn, Jackson Laboratory) 
are randomised, weighed, and divided into groups of 6-7 each. On day 0 

20 each mouse is injected ip with 0.2 ml of F388/ADR multidrug resistant 

murine leukemia cells, 2.4 x 10 7 cells/ml. Two hours later, each mouse is 
implanted ip with an Alset 7 -day minipump (Model 2001, Alsa Corporation, 
Palo Alto, CA) containing the vehicle (DMSO/PBS) plus adriamycin 
(3 mg/kg/day) , a test compound alone (30 mg/kg/day) or adriamycin (3 

25 mg/kg/day) plus a test compound (at 0.3, 3, 10 and 30 mg/kg/day) . The mice 

are monitored daily and deaths recorded starting ru day 7. Survival time 
increased over the vehicle control and adriairycin groups indicates 
activity. 

The compounds of the present invention show activity when tested by 
30 t^i« method. Specifically, the compound (2R) -anti-5- {3- 14 - (10, li- 

dif luorcmethanodi bensosuber- 5 -yl) piparatin-l-yl] -2 -hydroxypropoxy) quinoline 
is more than 4 times more active than MS-73 ; and the corresponding (2S) - 
anti isomer is about 1.3 times more active than MS-73. 

Furthermore, in the human uterine sarcoma assay the compound (2R) - 
35 anti-5- {3- [4- (10, 11-dif luoromethanodibensosuber-5*yl)piperasin- 1 -yl] -2- 

hydroxypropoxy) quinoline is 3 times more active than MS-73. 



40 



45 



XXAXPLI 15 

Toxicity of the Compounds of Formula X 

Mice received (2R) -anti-5- {3- 14- (10, 11-dif luoromethanodibemo-suber-5- 
yl)piperatin-l-yl] -2 -hydroxypropoxy} quinoline intravenously as a bolus 
injection once daily for up to two weeks at dosages of 0 (vehicle; 5% w/v 
mannitol in purified water), 10, 30 and 100 mg/kg. All mice in the 0-, 10- 
and 30-mg/kg groups survived. All mice given 100 mg/kg exhibited clonic 
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WHAT IS CXJmCED IS: 

l. A compound represented by the formula: 



R 1 R 2 




wherein: 

A is -CHj-CHj-, -CHj-OW-CHj-, or -CK,-CHR , -CHR fc -CH 2 - , where one of R* or 

R v is H, OH, lower acyloxy, and the other is H; 
R 1 is H, F, CI or Br; 
P? is H, P, CI or Br; and 

R 5 is heteroaryl or optionally substituted phenyl where the 

substituents are selected from F, CI, Br, CFj, CN, NO, and OCHF 3 ; 
or a pharmaceutically acceptable salt thereof. 

2. .The compound or salt of Claim 1 wherein R 5 is quinolyl or 
benzofurazanyl or phenyl optionally substituted with F, CI, Br, CF,, CN, NO, 
or OCHFj. 

3. The compound or salt of Claim 1 or 2 wherein R* or R* is OH. 

4. The compound or salt of Claim 3 wherein A is -CH}-CKR*-CH } - , and 
R* is OH. 

5. The compound of Claim 1 having the formula: 




40 



or a pharmaceutical^ acceptable salt thereof. 
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7. The compound of Claim 1 having the formula: 



F F 



10 



15 




20 



25 



30 



35 



or a pharmaceutically acceptable salt thereof. 

6. A method of treatment for multidrug resistance comprising 
administering to a mammal in need thereof a therapeutically effective 
amount of a compound or salt according to Claim 1 to 7. 

9. A method of reversing multidrug resistance comprising co- 
administering to a mammal evidencing clinical resistance to a cancer 
chemotherapeutic agent, a resistance modifying amount of a compound or salt 
of Claim 1 to 7 and a therapeutically effective amount of oaid cancer 
chemotherapeutic agent. 

10. A method of treatment comprising administering to a mammal in 
need thereof a compound or salt according to Claim l to 7 in an amount 
therapeutically effective to potentiate the efficacy of a co-administered 
cancer chemotherapeutic agent. 
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11. A method of treatment for drug -resistant malaria comprising 
administering to a mammal in need thereof a therapeutically effective 
amount of a compound or salt according to Claim 1 to 7. 

5 12. A chemosensiti*ing method for enhancing bioavailability of a 

pharmaceutically active agent comprising administering to a mammal in need 
thereof an amount of a compound or salt of Claim l to 7 sufficient to 
increase permeation of an active agent through the blood-brain barrier. 

10 13. A chemosensitising method for enhancing bioavailability of a 

pharmaceutically active agent comprising administering to a mammal in need 
thereof an amount of a compound or salt of Claim 1 to 7 sufficient to 
increase permeation of an active agent through the gastrointestinal tract. 

15 14 • * pharmaceutical composition comprising a compound or nalt 

according to Claim 1 to 7. 

15. The composition of Claim 14 which includes a pharmaceutically 
acceptable excipient. 

20 

16. The use of a compound or a salt according to Claim 1 to 7 in the 
preparation of a pharmaceutical composition. 

17. A compound or a salt according to Claim 1 to 7 as chemosensitizer. 

25 

18. A process for preparing a compound represented by the formula: 

R 1 R 2 

30 



35 



40 




wherein: 

A is -CHj-CHj-, -CHj-CHR-.CHa-, or -CH 2 -CHR'-CHR k - CH,- , where one of R* or 
45 Rk i« H, OH, lower acyloxy, and the other is H; 
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R 1 is H, F, CI or Br; 

R 5 is H, F, CI or Br; and 

R s is heteroaryl or optionally substituted phenyl where the 

substituents are selected from F, CI, Br, CF, # CN, NO* and OCHF,; 
or a pharmaceutical ly acceptable salt thereof; which process comprises 

(a) condensation of a compound of Formula 4 with a compound of Formula 
8 or 9 to afford a compound of Formula I or itB pharmaceutical^ acceptable 
salt according to the following reaction schedule 
wherein: 

A, R 1 , R 2 , R' # m and n have the above meanings and X is 
halogen: 



P 1 R* 



Formula 4 

t>CCH 2 ) n -0-R 3 
Formula 6 
or 

X-CCH^-O-R 3 
Formula 9 



Step 5 




(b) condensation of an epoxide of Formula 10 with a compound of 
Formula R'-OH to afford a compound of Formula I or its pharmaceutically 
acceptable salt according to the following reaction schedule 



1 d? 



Formula 10 
R*-0H 



Step 2 




Formula I 
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wherein : 

R 1 , R 2 , and R* have the above meanings; 

(c) reaction of a compound of Formula I wherein R* or R k is OH with a 
lower acyl halide of the Formula R'-C(0)-X, wherein R» is lower alkyl and X 
is halogen to afford a compound of Formula I wherein: 

R\ R 3 and R 3 have the above meanings and R* or R k is lower 

acyloxy; 

(d) contact of a compound of Formula I with a pharmaceutical^ 
acceptable acid to form the corresponding acid addition salt; or 

(e) contact of an acid addition salt of a compound of Formula I with a 
base to form the corresponding free base of Formula 1. 

19. The process of Claim 18 wherein 1- (5-quinolyloxy) -2 , 3 - epoxypropane 
is condensed with 1- (10, 11-dif luoromethanodibenzosuber-S-yDpiperazine to 
afford 5-{3- [4- (10, 11-dif luoromethano-dibenrosuber-5-yl)piperaxin-l-yl] -2- 
hydroxypropoxy}quinoline . 

20. The process of Claim 19 wherein 5- {3- [4- (10, 11-dif luoromethano- 
diben«>Buber-5-yl)piperazin-l-ylJ -2-hydroxypropoxy}quinoline is isolated as 
the (2R) -anti isomer. 
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